X-ray Experimentals Crystallographic Determination of [Au21(SR)12(P-C-P)2] + [AgCl2] -
Single crystal X-ray diffraction data of [Au21(SR)12(P-C-P)2] +
[AgCl2] -was collected on a Bruker X8 Prospector Ultra diffractometer equipped with an Apex II CCD detector and an IµS microfocus CuKα X-ray source (λ = 1.54178 Å). A piece of dark brown block crystal with dimensions 0.18 x 0.12 x 0.04 mm was mounted onto a MiTeGen micro-mount. Data collection was performed at 230.1 K. A triclinic unit cell with a = 16.0006(6) Å, b = 17.3748(6) Å, c = 31.7236(13) Å, α = 97.639(2)˚, β = 95.848(2)º, γ = 114.1100 (10) o was determined using the least-square refinement. The frames were integrated with the Bruker SAINT software package. 99234 reflections in the range 2.852˚ < 2θ < 136.866˚ was collected, of which 27821 were independent. (average redundancy 3.57, completeness = 96.4 %, Rint = 6.40 %, Rsigma = 5.95 %) Data were corrected for absorption effects using SADABS Multi-Scan method (Tmax = 0.753, Tmin = 0.300). The structure was solved by intrinsic phasing using Bruker program SHELXT. All the Au, Ag, S, Cl and P atoms were found directly. Remaining non-hydrogen atoms were generated via subsequent difference Fourier syntheses. All of the non-hydrogen atoms were refined anisotropically. SADI restraints were used to optimize the bond lengths and angles of some cyclohexyl groups. SIMU and RIGU restraints were applied to refine ellipsoids of some carbon atoms. Idealized hydrogen atom positions were calculated. The electron densities corresponding to the disordered molecules in the void were flattened by SQUEEZE procedure in PLATON.
Crystallographic Determination of Au22.13Ag0.87(SR)16 − TOA + Single crystal X-ray diffraction data of Au22.13Ag0.87(SR)16 − TOA + was collected on a Bruker X8 Prospector Ultra diffractometer equipped with an Apex II CCD detector and an IµS micro-focus CuKα X-ray source (λ = 1.54178 Å). A piece of dark brown block crystal with dimensions 0.06 x 0.03 x 0.01 mm was mounted onto a MiTeGen micromount. Data collection was performed at 240.0 K. A base-centered orthorhombic unit cell with a = 33.1461(9) Å, b = 63.5811(18) Å, c = 32.3883(7) Å, α = β =γ = 90 o was determined using the least-square refinement. The frames were integrated with the Bruker SAINT software package. 164723 reflections in the range 2.78˚ < 2θ < 102.564˚ were collected, of which 18500 were independent (average redundancy 8.90, completeness = 99.8%, Rint = 15.30%, Rsigma = 7.57% ) Data were corrected for absorption effects using SADABS Multi-Scan method (Tmin = 0.373, Tmax = 0.750). Centrosymmetric space group Ccca was determined based on systematic absences. The structure was solved by intrinsic phasing using Bruker program SHELXT . The asymmetric unit contains two crystallographically independent clusters each siting on an inversion center. All the metal and S atoms were found directly. Remaining non-hydrogen atoms were generated via subsequent difference Fourier syntheses. All of the non-hydrogen atoms were refined anisotropically. SADI restraints were used to optimize the bond lengths and angles of some cyclohexyl groups. SIMU and RIGU restraints were applied to refine ellipsoids of some carbon atoms. Idealized hydrogen atom positions were calculated. Tetraoctylammonium cation was found to be coexisting with the cluster. However, some tail carbon atoms could not be located due to severe disorder.
There are 24 metal atom positions in the asymmetric unit. Therefore, 24 free variables were introduced to represent the occupancies of Ag atoms at these positions. EXYZ and EADP was used to restrain Ag and Au atoms at the same position to have the same coordinates and thermal displacement. After refinement, 19 out of these 24 free variables were slightly negative, indicating 0% occupancy for Ag and 100% occupancy for Au at these sites. Therefore, these 19 free variables were removed and these 19 sites were treated as 100% Au atoms, while the occupancy values for other 5 metal positions were further refined using 5 free variables.
Crystallographic Determination of Au20.51Ag4.49(SR)18 − TOA + Single crystal X-ray diffraction data of Au20.51Ag4.49(SR)18 − TOA + was collected on a Bruker X8 Prospector Ultra diffractometer equipped with an Apex II CCD detector and an IµS micro-focus CuKα X-ray source (λ = 1.54178 Å). A piece of dark brown block crystal with dimensions 0.08 x 0.04 x 0.02 mm was mounted onto a MiTeGen micromount. Data collection was performed at 240.0 K. A base-centered monoclinic unit cell with a = 25.5350(19) Å, b = 23.1057(18) Å, c = 26.984(2) Å, α = γ = 90 o , β = 93.730(6)º was determined using the least-square refinement. The frames were integrated with the Bruker SAINT software package. 33776 reflections in the range 5.162 < 2θ < 102.4˚ were collected, of which 8484 were independent (average redundancy 3.98, completeness = 98.5%, Rint = 7.25%, Rsigma = 6.12% ) Data were corrected for absorption effects using SADABS Multi-Scan method (Tmin = 0.354, Tmax = 0.750). Centrosymmetric space group C2/c was determined based on systematic absences. The structure was solved by intrinsic phasing using Bruker program SHELXT. All the metal and S atoms were found directly. Remaining non-hydrogen atoms were generated via subsequent difference Fourier syntheses. All of the nonhydrogen atoms were refined anisotropically. SADI restraints were used to optimize the bond lengths and angles of some cyclohexyl groups. SIMU and RIGU restraints were applied to refine ellipsoids of some carbon atoms. Idealized hydrogen atom positions were calculated. Tetraoctylammonium cation was not found due to its disorder in voids.
There are 13 metal atom positions, one of which sits on an inversion center, in the asymmetric unit. Therefore, 13 free variables were introduced to represent the occupancies of Au atoms at these positions. EXYZ and EADP was used to restrain Ag and Au atoms at the same position to have the same coordinates and thermal displacement. After refinement, free variables at 7 different positions representing Au occupancies were calculated slightly greater than 100%, indicating 100% occupancy for Au and 0% occupancy for Ag at these sites. Therefore, these 7 free variables were removed and these 7 sites were treated as 100% Au atoms, while the occupancy values for other 6 metal positions were further refined using 6 free variables. -is set to be 1.
fig. S6. X-ray crystal structure of [Au25−xAgx(SR)18] − (x ~ 4). 13-atom icosahedral alloy core is
shown on the left, in which the 12 atoms on the icosahedral inner shell are occupied by Ag with variable occupancies. The (AuAg)25S18 framework is shown on the right and no Ag can be found on the motif. The percentages of Ag on the icosahedral inner shell are Ag2 : 48.4%, Ag3 : 37.1%; Ag4 : 33.1%; Ag5 : 34.8%; Ag6 : 21.2%; Ag7: 49.9%. The X-ray crystallography averaged composition is determined to be Au20.51Ag4.49SR18 -.Magenta: Au, gray: Ag, yellow: S. This result suggest that the Ag prefer to locate on the icosahedral inner shell in AuAg25 cluster. 
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